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using a membrane suppressor or packed bed as suppressor as described in the 
Background. Also, it is applicable to the use of an independent regenerant liquid stream 
or to a recycling regenerant liquid stream. It is also applicable to a suppressor which is 
chemically or electrolytically regenerated. Moreover, the gas may be supplied from a 
5 conventional gas source such as a pressurized cylinder or electrochemical generated as 
described herein. 

As used herein, the term "membrane suppressor" includes a suppressor of the general type 
described in U.S. Patent Nos. 4,999,098, 5,352,360, and Publication WO99/44054 
incorporated herein by reference. A membrane suppressor includes a chromatography 

10 effluent flow channel separated by a liquid impermeable ion exchange membrane from 
a regenerant flow channel. Effluent from the chromatography separator flows through the 
chromatography effluent flow channel and from there to the detector. A regenerant liquid 
flows in the regenerant liquid flow channel on the opposite side of the membrane. The 
membrane partitioning the flow channels is permselective, i.e., preferentially permeable 

1 5 to ions of one charge only, positive or negative, of the opposite charge to the analyte ions 
of interest and includes exchangeable ions of that one charge. For example, for anion 
analysis, the electrolyte in the eluent typically includes a strong cation such as sodium and , 
the membrane is permeable to the sodium ions. During suppression, the sodium ions 
move across the membrane from the chromatography effluent flow channel to the 

20 regenerant flow channel, while hydronium ions move across the membrane from the 
regenerant flow channel to the chromatography effluent flow channel, thereby 
suppressing the chromatography effluent prior to detection 

The regenerant liquid can be a chemical regenerant such as an acid or a base for chemical 
(non-electrolytic) regeneration or can constitute water or effluent from the detector, e.g., 
25 comprising substantially water, for use as the water source for electrolytic regeneration. 

As used herein, the term "ion exchange packing suppressor" refers to a suppressor in 
which substantially all of the suppression occurs in ion exchange material in the 
suppressor and regeneration occurs in a separate operation rather than simultaneously as 
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The effluent from detector 14 is mixed with a gas and recycled to a flow-through 
regenerant flow channel of the membrane suppressor 12. In a sandwich suppressor type 
of electrolytic membrane suppressor described inU.S. Patent No. 5,352,360, there are two 
regenerant flow channels on opposite sides of a central chromatographic effluent flow 

5 channel with two ion exchange membranes partitioning the three channels. The 
regenerant flow channels are referred to in that patent as detector effluent flow channels. 
The detector effluent flows through a splitter valve which separates it into two different 
conduits to supply the two different regenerant flow channels. The details of this set-up 
and of a typical electrolytic membrane suppressor are set forth in the same patent, 

10 incorporated at this point by reference. A setup for a chemically regenerated membrane 
suppressor is disclosed in U.S. Patent No. 4,999,098. 

In the embodiment of FIG. 1, gas is supplied by a conventional pressurized gas source 
such as a pressurized gas cylinder and flows in a recycle conduit from detector 14 to 
membrane suppressor 12. Any gas may be used which does not interfere with the 

15 suppression reaction. Thus, for a membrane suppressor, it preferably excludes 
contaminants which can be transported across the membrane from the regenerant stream 
to the chromatography effluent flow channel at a sufficient concentration to significantly 
interfere with detection. A suitable gas source is relatively inert including helium, 
nitrogen and argon. If air is of sufficient purity, compressed air may also be used as a gas 

20 source. As set out below, electrolytically generated hydrogen and oxygen gases may also 
be used. 

Referring again to FIG. 1, liquid effluent from detector 14 flows through a conduit 20 to 
a mixing chamber illustrated in the form of mixing T-connector 22. A gas source, 
typically a compressed gas cylinder 24, flows through line 26 to mixing T 22. A check 
25 valve 28 may be included in line 26 serving the function of minimizing liquid transport 
back into the gas lines in the event no gas is flowing or the gas supply is exhausted. The 
gas and liquid mixture formed in mixing T 22 flows through line 30 to the inlet 32 of 
suppressor 1 2, specifically the inlet of the regenerant flow channel. As set out above, the 
regenerant liquid flows on one side of the ionic exchange membrane while the 
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chromatography effluent flows on the other side. The electrical conductivity of the 
electrolyte in the eluent is suppressed. The regenerant liquid exits the suppressor in line 
34 and flows to waste. 

In the form of membrane suppressor illustrated inU.S. PatentNo. 5,352,360, suppression 
5 occurs electrochemically. As disclosed there, it is preferable to include a form of flow- 
through ion exchange or conductive material such as a charged screen in the 
chromatography effluent flow channel and regenerant flow channel to assist the transport 
of the electrolyte ions across the membranes for suppression. An electrical potential is 
applied between spaced electrodes communicating on the one hand with the regenerant 
10 flow channel and the other hand with the chromatography effluent flow channel. The 
chemical reactions are illustrated in FIG. 4 of that patent for a typical anion analysis 
system. As is illustrated, the sodium hydroxide is the electrolyte of the eluent which is 
converted into weakly ionized form (H 2 °) m tne suppressor. Thereafter, the solution 
passes through the conductivity cell and is recycled to the detector effluent flow channel. 
1 5 The ion exchange membrane sheets allow the positively charged sodium and hydronium 
ions to permeate across the membrane. The method and device using an electrochemical 
membrane suppressor are described in detail in U.S. Patent No. 5,352,360, and in using 
a chemically regenerated suppressor are described in U.S. Patent No. 4,999,098, both 
incorporated at this point by reference. 

20 In the embodiment of FIG. 1, sufficient gas is mixed with the flowing regenerant liquid 
to accomplish at least some of the aforementioned advantages. Typical flow rates for the 
detector effluent are on the order of about 0.1 to 10 ml/min, and preferably about 0.2 to 
3 ml/min, and more preferably about 0.25 to 2 ml/min. Correspondingly, typical flow 
rates for the gas stream mixed with the detector effluent are about 2 to 500 ml/min, and 

25 more preferably about 20 to 150 ml/min. A suitable ratio of gas:regenerant liquid flow 
rate is about 1 : 1 to about 5000: 1, preferably about 1 0: 1 to 1500: 1, more preferably about 
30:1 to 150:1. 



9 

SUBSTITUTE SHEET (RULE 26) 



WO 01/67091 



PCT/US01/00549 



In this type of system, the gas introduced into the liquid suitably is supplied from a 
pressurized gas source maintained at a pressure of at least about 1 psi, preferably at least 
about 5 psi, and most preferably at least about 10 psi. The pressure should not be so high 
as to cause damage to the suppressor device. Thus, it is preferable that the upper end of 

5 the pressure range is suitably not greater than about 100 psi, more preferably no greater 
than about 30 psi, and most preferably no greater than about 15 psi. It should be noted 
that beyond an optimal gas pressure or gas flow rate there is little benefit in increasing the 
pressure or flow rate any further. The increased velocity of the gas aids efficient removal 
of both electrolytic gases and liquid from the regenerant chamber, thus homogenizing the 

10 flow in the regenerant chamber. Beyond an optimal gas flow, there may be no benefit in 
increasing the gas flow rate, and any further increase in the gas velocity may actually 
result in higher gas wastes with no added benefit in terms of noise or performance. 

A ratio of peak-to-peak noise in the gas-assisted mode versus the no-gas approach when 
operated using a membrane suppressor under the recycle mode typically is in the range 
15 of 1:2 to 1:20, more typically a ratio of 1 :4 to 1:10. 

Referring to FIG. 2, another embodiment of the invention is illustrated in which the 
regenerant liquid is supplied to the membrane suppressor from an external source in the 
form of a regenerant liquid reservoir in a container and wherein the gas is supplied to the 
regenerant liquid reservoir. This flow system of FIG. 2 includes many of the same 

20 components as the flow system of FIG. 1 but there is no regenerant liquid recycle. Like 
parts will be designated with like numbers for FIGS. 1 and 2. In this instance, gas is 
suitably supplied from the pressurized cylinder or other gas supply 40 controlled by 
regulator 42 and is directed in line 44 into container 46 containing a reservoir of 
regenerant liquid 48. Suitably, container 46 is a conventional laboratory plastic 

25 cylindrical bottle of the desired size. The regenerant liquid may be a chemical regenerant 
such as an acid or base used for chemical regeneration of the membrane suppressor, as 
illustrated, for example, in U.S. Patent No. 4,999,098. Here, the gas may be pressurized 
under sufficient pressure so that the gas supplies the means for pressurizing the liquid to 
pump it through the regenerant flow channel of suppressor 12. Gas is also supplied from 
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a suitable source 59 such as a pressurized gas cylinder between container 46 and 
suppressor 12. The gas from source 59 is mixed with regenerant liquid in line 50 in a 
suitable mixing chamber such as mixing T 55 for supply in line 58 to the regenerant flow 
channel inletof suppressor 12. 

5 The regenerant liquid flows out of reservoir 48 into line 50 and is pumped into the inlet 
of the regenerant flow channel of membrane suppressor 12. If the gas pressure is not used 
to drive all of the liquid regenerant flow through the membrane suppressor, then a pump 
52 of a conventional type may be used for this purpose. The chromatography effluent 
from the chromatographic separator (not shown) flows in line 54 into membrane 

10 suppressor 12 and out line 56 through detector 14 and to waste. If membrane suppressor 
12 is an electrolytic suppressor, as described in U.S. Patent No. 5,352,360, then the liquid 
in reservoir 48 preferably is pure water, or may be acid for anion analysis or base for 
cation analysis. On the other hand, if membrane suppressor 1 2 is not electrolytic, then the 
regenerant liquid preferably is an acid or base as described in U.S. Patent No. 4,999,098. 

15 The container for the regenerant liquid reservoir is sized to contain a sufficient volume 
of regenerant liquid for the desired regeneration. For some systems, depending on the size 
of the chromatographic column and suppressor, a volume of at least about 500 ml is 
sufficient. For other systems, the volume may be at least about 1000 ml to as large as 
about 4000 ml or more. Multiple containers in series or parallel may also be employed. 

20 The term "container" herein refers to one or more containers. 

Referring to FIG. 3, another embodiment of the system of FIG. 2 is illustrated with the 
exception that pump 52 is eliminated. Here, a liquid check valve 60 is included in line 
50 serving the purpose of ensuring liquid flow in one direction and no gas flow in the 
opposite direction. Similarly, a gas check valve 62 is included in the gas supplied to 
25 mixing T 55 and serving the purpose of ensuring gas flow in the required direction and 
no liquid flow in the opposite direction. 
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FIG. 4 illustrates one embodiment of a system for pumping gas into a reservoir of 
regenerant liquid to supply a mixture of the gas and liquid to the regenerant suppressor. 
This system can be operated with or without an additional pump. Gas from a pressurized 
supply 70 controlled by regulator 72 flows through line 74 into container 76 suitably in 
5 the form of a bottle with an inlet opening closed by stopper 77. The regenerant liquid 
reservoir is illustrated by the number 78. The gas enters container 76 near the top of the 
container. A liquid conduit suitably projects through the top of container 76 and extends 
to a sufficient level or depth within the container to be below the selected level of the 
liquid reservoir 78 at completion of the regenerant run. The regenerant liquid suitably is 

10 supplied to the container top opening with stopper 77 removed. After filling stopper 77 
is inserted and pressurized, gas flows into container 76 from source 70. The liquid exiting 
container 76 flows through tubing 80 to a suitable mixing chamber in the form of mixing 
T 84. Another conduit in the form of gas tubing 86 communicates with the interior of 
container 76 at its inlet end and with mixing T 84 at its outlet end. The gas-liquid mixture 

1 5 formed in mixing T 84 is then directed to the regenerant inlet of a membrane suppressor 
or an ion exchange packing suppressor. The additional pressure used for this purpose, if 
any, is added to the numerical pressure values set out above. 

Referring to FIG. 5, another form of gas mixing and pressurizing device is illustrated 
which is similar to the embodiment of FIG. 4. Accordingly, like parts will be designated 

20 with like numbers. The principal difference between the illustrated systems is the way in 
which the regenerant liquid and gas are mixed. Here, concentric tubes 90 and 92 are 
employed as illustrated in FIG. 6 A. Tubes 90 and 92 project below the selected level of 
regenerant liquid 78 at the end of a suppression cycle. The gas flowing into container 76 
through line 74 pressurizes the liquid in reservoir 78 and causes it to flow in liquid tubing 

25 92 out of container 76. A portion of the gas flows through an opening in tube 90 and into 
the flow channel 94 created in the annular space between tubes 90 and 92. The distal end 
of tube 90 is suitably connected to the inlet of the suppressor to supply the regenerant 
liquid. Liquid tube 92 terminates in an opening within tube 90 upstream of the suppressor 
inlet. In this way, at this termination point, the liquid and gas are mixed forming a mixing 

3 0 chamber of a similar function to the mixing T described above. The parameters described 



12 

SUBSTITUTE SHEET (RULE 26) 



WO 01/67091 



PCT/US01/00549 



above for the liquid and gas also apply to this embodiment. Alternatively, the conduits 
for the gas and liquid can be reversed with appropriate modification of the openings.. 

The systems illustrated -in FIGS. 1-3 use a membrane form of suppressor in which 
suppression occurs simultaneous with regeneration across an ion exchange membrane. 

5 However, the gas-assisted invention can be used with appropriate modifications to an ion 
exchange packing suppressor, e.g., a packed bed suppressor. For purposes of this 
discussion, the invention will be described with respect to a conventional packed bed 
suppressor. Here, regeneration occurs after, not simultaneous with, suppression after the 
selected degree of exhaustion of the packed bed during suppression. In a well-known 

1 0 technique for chemical regeneration, an acid or base is directed through the suppressor for 
regeneration. For example, to regenerate a suppressor which is exhausted by the presence 
of sodium ions, an acid is flowed through the suppressor to reconvert the ion exchange 
resin to bydronium ion form. This can be accomplished in a batch operation with a single 
suppressor. Alternatively, two suppressors may be employed with appropriate valving so 

15 that when one suppressor is on-line, the other suppressor is being regenerated. One 
system of this type is illustrated in U.S. Patent No. 5,597,734. 

In another system, the packed bed suppressor may be regenerated electrolytically. A 
system of this type is illustrated in U.S. Patent No. 5,633,171, incorporated herein by 
reference. This system may be employed with a single suppressor or two suppressors with 

20 appropriate valving. In the latter instance, one suppressor is being regenerated while the 
other one is on-line and then the roles are reversed. One form of valving is to flow the 
detector effluent primarily comprising water and analytes to the other suppressor as the 
regenerant liquid. In this instance, the regenerant liquid supplied to the packed bed 
suppressor is analogous to the regenerant liquid recycle stream in FIG. 1. Thus, the gas 

25 can be added to this detector effluent in the line between the detector and the packed bed 
suppressor being regenerated while the other suppressor is on-line. The same source of 
gas may be used for this packed bed suppressor as for the membrane suppressor as 
described above. 
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Gas generators may be employed instead of pressurized gas containers. For example, the 
hydrogen and oxygen gases generated during electrochemical suppression as in the 
membrane suppressor of U.S. Patent No. 5,248,426 or in the packed bed suppressor of 
U.S. Patent No. 5,633,171 can be used. They are generated and entrained in a liquid 
5 which can be used as the regenerant liquid-gas mixture. Other sources of gases such as 
commercially available on-line gas generators, for example a hydrogen gas generator from 
Matheson Tri-gas, could also be used. 

Referring to FIG. 6, a schematic representation of a gas generator in the form of a second 
membrane suppressor is illustrated. Like parts will be designated with like numbers for 

10 the membrane suppressor as set out in above FIG. 3. The liquid from chromatographic 
separator 1 0 flows through line 100 through the chromatography effluent flow channel of 
suppressor 12. The suppressor effluent flows in line 13to detector 14 out line 20 and then 
to a gas generator 104 into the form of a second electrolytic membrane suppressor device 
of the type disclosed in U.S. Patent No. 5,352,360 but not serving the function of 

15 suppression. 

For a sandwich-type generator 104, the detector effluent in line 20 flows through the 
central channel of generator 104 corresponding to the chromatographic separation flow 
channel of suppressor 12. The outlet from this channel flows through line 106 and is 
recycled to the outside or sandwiching flow channels of generator 104 using a suitable 

20 splitter valve of the type described above. The liquid in the outside channels including 
the electrolytically generated hydrogen and oxygen gas exits through line 108 and is split 
for flow through the regenerant flow channel of suppressor 12. The generation of the 
hydrogen and oxygen gases is illustrated in U.S. Patent No. 5,352,360. The electrolytic 
conditions and flow rates in generator 104 are selected to provide for a sufficient quantity 

25 of hydrogen and oxygen gas generation so that the gases are present at a pressure and flow 
rate in the effluent described above. There is a direct relationship between the applied 
current and the gas flow generated electrolytically. For example, for a current of 1 A 
applied across the electrodes, this current will generate roughly 14 ml/min of gas 
(hydrogen and oxygen) at STP. The volume of the pressurized gas depends on the 
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backpressure of the suppressor device. Assuming a backpressure of 5 psi, based on 
Boyle's law the device would generate gas at the rate of roughly 40 ml/min at an applied 
current of 1 A. 

Referring to FIG. 7, another form of electrolytic gas generator is illustrated using an 
5 electrolytic ion exchange resin device of the type described in U.S. Patent No. 5,633,171 
or other electrolytic ion exchange packing suppressor. In this instance, ehient from 
column 10 enters line 100 into suppressor 12 and flows to detector 14 and is recycled in 
line 1 12 to the suppressor. The generator includes a flow-through housing 114, typically 
including a packed resin bed 1 16, and spaced electrodes 1 1 8 and 120, suitably at opposite 
10 ends of the packing in the housing as illustrated in FIG. 8. The packing inthe column can 
be of an anion exchange type, cation exchange type or any mixture thereof. The principles 
of electrolysis in such devices is set forth in U.S. Patent No. 5,633,171. During 
electrolysis , hydrogen and oxygen gases are created as a by-product. In this instance, 
hydrogen and oxygen gases are carried in a stream flowing through line 1 12 for recycle 
15 to the membrane suppressor 1 2. Thus, the electrochemical principles of regeneration are 
used to provide the source of gas for gas-assisted regeneration. Any modification of the 
parameters of electrochemical regeneration set forthin U. S. Patent No. 5,633, 1 71 will be 
recognized by those of skill in the art. 

Although the generators above are illustrated with respect to a recycle stream, they could 
20 also be employed for use with an external reservoir of regenerant liquid as illustrated in 
FIGS. 2-5. 

Commercially available membrane suppressor devices of the prior art recommend a flow 
rate of regenerant in the 5-10 ml/min range when the eluent flow rate is in the 1-2 ml/min 
range. Such high flow rates, however, can result in excessive regenerant consumption and 
25 associated waste. Additionally, the above approach necessitates the use of large reservoirs 
and adds to the operational and disposal costs. In the electrolytic mode when lower 
system noise and higher suppression capacity are required, higher flow rate of the 
regenerant or water (up to 10 ml/min) is recommended [Rabin, et al., J. Chromatography, 
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640:97-109 (1993)]. Typically, this is achieved by using a pressurized reservoir or by 
using a pump, thus increasing the regenerant consumption, which leads to increased 
wastes and associated operational and disposal costs. 

The gas-assisted mode of operation reduces the regenerant requirement as illustrated in 
the preferred embodiments and examples. Reduced regenerant consumption and reduced 
wastes lower the operational costs of an ion chromatograph. 



One way to quantify the reduction in liquid consumption is by reference to the low liquid 
regenerant flow rates that can be used without producing excessive noise. Without gas, 
typical flow rates of regenerant liquid into a membrane suppressor for low noise levels are 

10 about 10 ml/minin comparison to. a typical eluent flow rate of about 1 ml/min. Thus, to 
minimize noise in a recycle mode, an additional 9 mVmin of regenerant liquid from an 
external regenerant liquid source may be added to the detector effluent being supplied to 
the suppressor. In contrast, the use of gas can lower the flow of regenerant liquid to that 
recycled from the detector (e.g., to as low as 1 ml/min), thereby eliminating the external 

15 source of regenerant liquid in the recycle mode. For any of the foregoing embodiments 
of the invention, the gas-assisted mode can significantly reduce the amount of regenerant 
liquid used to achieve low noise levels to less than about 8-10 ml/min to as low as about 
3 to 5 ml/ min or less, or even to 1-2 ml/min, or less than 1 ml/min. 

Devices of any of the foregoing type have the common feature of directing a gas through 
20 the suppressor along with the regenerant liquid. As set forth, above, this use of a gas 
addition to the regenerant liquid can provide one or more of the following advantages: 
(1) reduced regenerant consumption for ion chromatography applications; (2) reduced 
waste; (3) reduced operational and disposal cost; (4) reduced peak-to-peak noise and drift 
during detection; and (5) stabilizing of the voltage across the suppressor. 

25 If desired, the detector effluent can be recycled to a container of regenerant liquid for use 
in suppression as described in application entitled DISPLACEMENT CHEMICAL 
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REGENERATION METHOD AND APPARATUS, filed simultaneously herewith (Flehr 
Docket No. 68762). 

In order to illustrate, the present invention, the. following examples of its practice are 
provided. 

5 EXAMPLE 1: 

A Dionex Corporation DX500 ion chromatography system was used for anion analysis. 
The analytical column was an AS 1 1 column from Dionex Corporation, and the eluent was 
21 mM NaOH at a flow rate of 1 ml/min. The suppressor was a Dionex Corporation 4- 
mm ASRS Ultra suppressor. The experimental setup for the gas-assisted recycle mode 

10 of operation for the suppressor is as shown in FIG. 1. The above setup resulted in 
complete suppression of 21 mM sodium hydroxide. The background conductivity trace 
for a 30 minute section of a run is shown in FIG. 8. The results indicate a reduction in 
noise by a factor of 7.5 in going from the recycle mode to the gas-assisted mode. The 
background also decreased by roughly 0.7 p,S/cm suggesting minimal transport of species 

15 back from the regenerant chamber to the eluent chamber. Such low noise will improve 
detection limits for ion chromatographic applications. 

EXAMPLE 2: 

A Dionex Corporation DX500 ion chromatography system was used for anion analysis. 

20 The analytical column was an AS 1 0 column from Dionex Corporation, and the eluent was 
100 mM NaOH at a flow rate of 1 ml/min. The suppressor was a Dionex Corporation 4- 
mm ASRS Ultra suppressor. Gas-assisted recycle setup was as shown in FIG. 1. The 
above setup resulted in complete suppression of the 1 00-mN sodium hydroxide eluent and 
excellent separation of a test mixture of 5 anions was achieved. The average unfiltered 

25 peak-to-peak noise for several one minute sections was within 1 nS/cm. The analytes 
were (1) Fluoride 2 mg/L; (2) Chloride 3 mg/L; 3) Sulfate 15 mg/L; 4) phosphate 15 
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mg/L; and (5) Nitrate 10 mg/L. Such low peak-to-peak noise for such a high eluent 
strength translates directly into lower detection limits. 

EXAMPLE 3: 

The performance of a Dionex Corporation Ultra ASRS suppressor is compared under the 
5 external water to that of the gas-assisted mode of operatioa A conventional external 
water setup was used with a flow rate of approximately 1 0 ml/min of external water. The 
experimental setup for the gas-assisted regeneration mode is as shown in FIG. 1 . The gas- 
assisted regeneration was done in the recycle mode using Nitrogen at an applied pressure 
of 10 psi. A-DX500 ion chromatography system was used for anion analysis. The 

10 analytical column was AS4a from Dionex Corporation, and the eluent was 1.8 mM 
sodium carbonate/1 .7 mM sodium bicarbonate at a flow rate of 2 ml/min. The suppressor 
was a 4 mm ASRS Ultra suppressor. Complete suppression occurred in both modes 
showing comparable separation and peak responses. The analytes were (1) Fluoride 2 
mg/L; (2) Chloride 3 mg/L; (3) Nitrate 10 mg/L; (4) Phosphate 15 mg/L; and (5) Sulfate 

15 15 mg/L. The external water mode used approximately 1 0 ml/min of water and generated 
roughly 1 1 ml/min of waste (water combined with cell effluent). The gas-assisted mode 
used 1 ml/min of the cell effluent and generated only 1 ml/min of waste. Additionally, 
the noise was roughly 3 times lower for the gas-assisted mode as shown in FIG. 9. Thus, 
the gas-assisted regeneration provides improved performance, ease of use combined with 

20 lower operational and disposal costs. 

EXAMPLE 4: 

The effect of the type of gas on peak-to-peak noise was studied using the gas-assisted 
regeneration mode. A DX500 ion chromatography system was used for anion analysis. 
The analytical column was AS 10 from Dionex Corporation, and the eluent was 100 mM 
25 NaOH at a flow rate of 1 ml/min. The suppressor was a 4-mm ASRS Ultra suppressor. 
Gas-assisted recycle setup was as shown in FIG. 1 . The above setup resulted in complete 
suppression of the 100-mN sodium hydroxide eluent. Various gases such as (1) Helium; 
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(2) Nitrogen; and (3) compressed air were studied and compared to the recycle mode setup 
as shown in FIG. 1 . In this comparison, the peak-to-peak noise for the gas-assisted 
regeneration mode was roughly three to four times lower than the conventional recycle 
mode of operation without gas. 

5 EXAMPLE 5: 

This example compares the dynamic capacity of the suppressor in the conventional 
chemical suppression mode vs. the gas-assisted chemical suppression mode. A 
conventional chemical suppression setup was used with an external regenerant liquid 
reservoir pumped without gas. The regenerant was 50 mN sulfuric acid. A Dionex DQP 

10 pump was used for pumping the regenerant. A DX500 ion chromatography system was 
used for anion analysis. The analytical column was AS 10 from Dionex Corporation, and 
the eluent was 100 mM NaOH. The suppressor was a 4-mm ASRS Ultra suppressor. 
Gas-assisted regeneration setup was as shown in FIG. 3 with an applied pressure of 12.5 
psi. In the above setup, in order to determine the dynamic capacity, the flow rate of the 

1 5 analytical pump was varied while the regenerant pump was kept fixed at 6 ml/min. The 
dynamic capacity in the conventional regeneration mode was estimated as 90 |leqv/min. 
The dynamic capacity in the gas-assisted regeneration mode was 118 |ieqv/min, roughly 
30% higher. Thus, the addition of gas enables lowering the chemical regenerant 
requirement. 

20 EXAMPLE 6: 

This example shows another experimental setup for implementing the gas-assisted 
chemical regeneration mode. The experimental setup is shown in FIG. 6 and this setup 
relies on a single applied pressure to drive both the regenerant and the gas. A DX500 ion 
chromatography system was used for anion analysis. The analytical column was AS 10 
25 from Dionex Corporation, and the eluent was 100 mM NaOH. The suppressor was a 4- 
mm ASRS Ultra suppressor. The regenerant was 100 mN sulfuric acid. The regenerant 
reservoir was pressurized to 1 5 psi which generated a flow of regenerant of approximately 
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2.88 ml/mi n. The dynamic suppression capacity was determined by adjusting the flow 
rate of the analytical pump. The dynamic capacity was approximately 115 |Aeqv/min. 
The ratio of the regenerant to the dynamic capacity was roughly 2.5. The same dynamic 
capacity was achieved in the conventional chemical suppression mode by pumping 100 
5 mN sulfuric acid at approximately 7 ml/min. The ratio of the regenerant to the dynamic 
capacity in this case is roughly 6. Thus, the gas-assisted mode reduces chemical 
regenerant consumption and wastes and provides operational cost benefits. 
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WHAT IS CLAIMED IS: 

1 . A method for analysis of ionic species in an aqueous sample stream comprising: 

(a) chromatographically separating ionic species in said sample stream in the 
presence of an aqueous ehient solution comprising electrolyte to form a chromatographic 

5 effluent, 

(b) suppressing the electrolyte in the chromatography effluent by flowing the 
same through a suppressor to form a suppressed effluent, 

(c) detecting said ionic species in said suppressed effluent, and 

(d) regenerating said suppressor by flowing a mixture of a gas stream and a 
10 regenerant liquid stream through said suppressor. 

2. The method of claim 1 in which said electrolyte includes transmembrane ions of 
opposite charge to said ionic species, said suppressor is a membrane suppressor 
comprising a chromatography effluent flow channel separated by a permselective ion 
exchange membrane, of the same charge as said transmembrane electrolyte ions, from a 

1 5 regenerant flow channel, and in which said gas and regenerant liquid stream mixture flows 
through said regenerant flow channel, and regenerating and suppressing occurs 
simultaneously. 

3 . The method of claim 2 in which said detected suppressed effluent is recycled to 
said regenerant flow channel and comprises a source of said regenerant liquid stream. 

20 4. The method of claim 3 in which said gas stream is mixed with said regenerant 
liquid stream source after step (c) and prior to flowing through said regenerant flow 
channel. 

5. The method of claim 1 farther comprising the step of 

(e) generating said gas stream by flowing said detected suppressed effluent 
25 through an electrolytic gas generator which electrolyzes water in said effluent to hydrogen 

gas and oxygen gas which comprise said gas stream. 
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6. The method of claim 1 together with the step of flowing pressurized gas into a 
reservoir of said regenerant liquid to cause said regenerant liquid to flow from said 
reservoir to said regenerant flow channel. 

7. The method of claim 6 in which at least a portion of said pressurized gas 
5 comprises said gas stream which flows from said reservoir to said suppressor. 

8 . The method of claim 7 in which said gas stream flows from said reservoir in a first 
conduit, said regenerant liquid flows from said reservoir in a second conduit, and said gas 
stream and regenerant liquid stream in said first and second conduits, respectively, are 
mixed prior to flow into said suppressor. 

10 9. The method of claim 1 in which said regenerant liquid comprises a chemical 
regenerant and said suppressing is performed by chemical suppression. 

10. The method of claim 1 in which said suppressing is performed electrochemically. 

1 1 . The method of claim 1 in which said suppressor is a flow-through ion exchange 
packing suppressor and said regenerating occurs after completion of said detecting. 

15 12. The method of claim 1 1 in which said suppressing is performed chemically and 
said regenerant liquid stream comprises an acid or base. 

13 . The method of claim 1 1 in which said regenerating is performed electrolytically 
by applying a voltage across said ion exchange packing while flowing said regenerant 
liquid stream therethrough. 

20 14. Apparatus for ion analysis comprising: 

(a) a chromatographic separator for separating ionic species in a liquid sample, 

(b) a suppressor for suppressing electrolyte in chromatography effluent ehiting 
from said chromatographic separator having an inlet and an outlet, 
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(c) a source of a regenerant liquid stream in fluid communication with the inlet 
of said suppressor, 

(d) a source of a gas stream in fluid communication with the inlet of said 
suppressor, and 

5 (e) a detector for detecting ionic species in the effluent from said suppressor 

outlet and in fluid communication therewith. 

15. The apparatus of claim 14 in which said suppressor comprises a membrane 
suppressor including a chromatography effluent flow channel separated by an ion 
exchange membrane from a regenerant flow channel and said suppressor inlet comprises 

10 an inlet of said regenerant flow channel. 

16. The apparatus of claim 15 further comprising a recycle conduit for directing 
effluent from said detector to said regenerant flow channel inlet. 

17. The apparatus of claim 16 further comprising a mixing chamber for mixing said 
regenerant liquid stream with said gas stream and disposed along said recycle conduit 

1 5 between said detector and said regenerant flow channel inlet. 

18. The apparatus of claim 14 in which said regenerant liquid source further comprises 
a reservoir for regenerant liquid having an inlet and a regenerant liquid outlet 
communicating with said suppressor inlet and further comprising 

(f) a source of pressurized gas communicating with the said reservoir inlet for 
20 pressurizing regenerant liquid therein for flow from said reservoir regenerant liquid outlet 
to said suppressor inlet. 

19. The apparatus of claim 18 in which said reservoir further includes a gas stream 
outlet in fluid communication with said suppressor inlet. 

20. The apparatus of claim 19 further comprising a mixing chamber, a first conduit 
25 connecting said regenerant liquid outlet and said mixing chamber, and a second conduit 
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connecting said gas stream outlet and said mixing chamber, said mixing chamber being 
in fluid communication with said suppressor inlet. 

2 1 . The apparatus of claim 14 further, comprising 

(f) an electrolytic gas generator adapted to electrolyze water flowing through 
5 it to generate hydrogen and oxygen gas, said generation being disposed between said 
detector and said suppressor inlet. 

22 . The apparatus of claim 1 4 in which said suppressor is a flow-through ion exchange 
packing suppressor. 

1011858 
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